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Summary  of  Key  Findings 


The  Ontario  Ministry  of  Environment  and  Energy,  in  partnership  with  the  Windsor  Air  Quality 
Committee,  conducted  an  intensive  airborne  toxics  study  in  the  Windsor  area.  The  ultimate  aim  of  the 
Study  was  to  decrease  the  exposure  of  Windsor  residents  to  airborne  toxic  chemicals,  involving  the 
community  in  the  decision-making  process  for  their  own  airshed,  in  the  most  cost-effective  way.  The 
two  integral  components  of  this  Study  are:  scientific  investigative  studies  and  remedial  actions.  The 
former  component  is  led  by  die  Ministry  of  Environment  and  Energy  whereas  the  Windsor  Air  Quality 
Committee  (a  local,  multi-stakeholders  group)  has  the  mandate  of  recommending  cost-effective  remedial 
measures. 

The  majority  of  the  field  investigations  were  carried  out  during  the  period  of  June  1991  through  March 
1993.  In  this  report,  key  results  of  the  scientific  module  are  summarized.  For  a  less  technical  explanation 
of  findings,  see  the  "Plain  Language  Summary"  report.  These  results  will  form  the  basis  for  the  Windsor 
Air  Quality  Committee  to  develop  recommendations  for  action. 

The  scientific  effort  comprised  data  collection  (emissions,  ambient  air  monitoring,  personal  exposure,  soil 
and  crop  produce)  and  the  use  of  certain  scientific  tools  (mathematical  modelling  and  risk  analysis)  to 
characterize  the  airborne  toxics  situation  in  Windsor.  Mathematical  model  based  source  apportionments 
and  health  effects  assessments  were  carried  out,  utilizing  the  emissions  and  monitoring  data  collected 
along  with  health  risk  information. 

Of  primary  interest  are  three  questions:  (1)  What  are  the  air  pollutants  of  concern  in  Windsor?  (2)  What 
is  the  risk  due  to  exposure  to  these  chemicals?  and  (3)  Where  and  how  much  of  these  pollutants  are 
emitted? 

From  the  original  target  list,  ten  compounds  were  selected  for  in-depth  modelling  and  health  effects 
investigation  in  the  Windsor  Air  Quality  Study.  They  are  in  four  categories:  metals  (cadmium,  chromium 
(VI),  and  mercury);  volatile  organic  compounds  (VOCs  -benzene,  1,3 -butadiene,  carbon  tetrachloride, 
1 ,4-dichIorobenzene,  and  formaldehyde);  polynuclear  aromatic  hydrocarbons  (PAHs,  including 
benzo(a)pyrene);  and  semi-volatile  organic  compounds  (SVOCs  -  specifically  dioxins  and  fiirans). 
Although  the  following  key  findings  cover  these  ten  compounds,  they  focus  on  six  pollutants  which  have 
been  assessed  to  have  higher  potential  risks  in  Windsor  and  for  which  meaningful  source  apportionments 
could  be  done.  Information  on  the  contributing  sources  to  the  air  concentration  levels  of  these  six 
pollutants  in  Windsor  has  been  summarized  in  a  table  at  the  end  of  this  summary. 

Pollutants  of  Concern 

•    Outdoor  environments: 

-Using  the  calculated  estimates  of  potential  cancer  risk  from  long  term  inhalation  of  outdoor  air  in 
Windsor,  the  following  pollutants  are  of  concern:  chromium  (VI),  benzene,  1,3-butadiene, 
polynuclear   aromatic    hydrocarbons'    (PAHs    which    include   benzo(a)pyrene    (B(a)P)),    carbon 


Source  apportionment  addressed  B(a)P  only,  since  only  B(a)P  emissions  were  available.  The  health 
effects  assessment  addressed  the  spectrum  of  risks  ranging  from  B(a)F  to  "carcinogenic  PAHs".  The 
source  apportionment,  based  on  B(a)F  is  assumed  to  apply  to  all  PAHs. 


tetrachloride,  cadmium,  and  1,4-dichlorobenzene^/ 

-The  air  pollutants  which  may  contribute  to  long  term  non-cancer  health  effects  are:  formaldehyde, 
chromium  (VI),  and  cadmium. 

•  Indoor  environments: 

-Based  on  calculated  estimates  of  cancer  risks  from  non-smokers,  the  following  are  the  contaminants 
of  concern  in  indoor  air:  1,3-butadiene,  benzene,  chromium  (VI),  carbon  tetrachloride,  PAHs, 
formaldehyde,  cadmium,  and  1,4-dichlorobenzene. 

-The  contaminants  which  may  pose  non-cancer  risks  for  non-smokers  are:  formaldehyde,  carbon 
tetrachloride,  1,3-butadiene,  and  chromium  (VI). 

•  Smoking  activity: 

-Smoking  greatly  increases  a  smoker's  intake  of  benzene,  1,3-butadiene,  formaldehyde,  cadmium, 
chromium,  PAHs,  and  dioxins  and  furans. 

Risks 

•  Risks  from  direct  outdoor  air  exposure  are  appreciably  less  than  those  from  indoor  air  exposure. 

•  Smoking  (including  secondhand  smoke)  and  emissions  from  household/office  materials  contribute 
significantly  to  the  risk  for  indoor  environments. 

•  In  general,  inhalation  is  a  more  significant  pathway  in  terms  of  contributing  to  health  risks  than  the 
ingestion  and  dermal  pathways  for  the  target  compounds  investigated  during  this  Study. 

•  Ingestion  was  identified  as  a  major  route  of  exposure  (in  terms  of  magnitude  of  intake  but  not 
contribution  to  health  risks)  for  formaldehyde,  cadmium,  chromiumfVI),  dioxins  and  furans,  and 
mercury.  Marginally,  polynuclear  aromatic  hydrocarbons  may  contribute  to  health  risks  via  the 
ingestion  route. 

•  Exposure  through  inhalation  is  far  more  significant  for  1,3-butadiene  than  through  ingestion  and 
dermal  absorption. 

•  Limited  analysis  indicated  that  ingestion  and  dermal  contribution  to  carcinogenic  and  non-carcinogenic 
risk  is  insignificant  for  benzene,  cadmium,  chromium,  and  formaldehyde. 

•  Based  on  existing  monitoring  information  for  dioxins  and  furans,  the  sum  of  exposures  from  all 
routes  is  less  than  25%  of  the  tolerable  daily  intake,  therefore  the  possibility  of  long-term  health 
effects  in  Windsor  due  to  these  compounds  is  unlikely.  In  the  case  of  mercury,  inhalation  and 
ingestion  exposures  amount  to,  respectively,  less  than  10%  and  about  50% ,  of  the  applicable  chronic 
acceptable  exposure  guidelines,  suggesting  that  the  possibility  of  long-term  health  risks  in  Windsor 


Classification  of  1, A-dichlorobenzene  as  a  carcinogen  has  recently  been  removed  from  the  Integrated 
Risk  Information  System  (IRIS)  database  by  the  US  EPA,  hence  the  calculated  cancer  risks  may  bear 
no  significance.  Also  because  no  emissions  information  was  available  for  Detroit,  source 
apportionments  were  not  possible  for  this  compound. 


VI 


due  to  mercury  is  unlikely.  However,  because  of  their  persistence  in  the  environment  and 
bioaccumulation  in  the  food  chain,  efforts  should  continue  to  reduce  emissions  of  and  human 
exposures  to  these  substances. 

•  The  range  of  additive  risks  (calculated  by  adding  the  risks  for  each  compound)  from  all  pollutants 
associated  with  outdoor  air  qualit>'  is  between  5  x  10"*  and  9.4  x  10^  and  is  not  appreciably  different 
from  those  found  in  other  US  urban  areas  where  similar  evaluations  were  conducted  (9  x  lO"'  and  5 
X  lO^)-    No  Canadian  urban  airshed  studies  are  available  for  this  comparison. 

Sources  of  Pollutants 

•  Windsor's  air  pollutant  emissions  range  from  82  g/yr  for  dioxins  to  140  thousand  kg/yr  for  benzene. 
Of  the  pollutants  included  in  the  inventory  study,  about  74%  of  Windsor's  emissions  are  from  area 
sources  (e.g.,  traffic,  residential/commercial  fuel  combustion,  and  small  Industrial  operations). 

•  Detroit  and  surrounding  sources  contribute  about  58%  for  cadmium,  65%  for  chromium,  67%  for 
benzo(a)pyrene,  67%  for  benzene,  and  76%  for  1,3-butadiene. 

•  Area  sources,  particularly  vehicular  and  fuel  combustion  sources,  in  Windsor  and  Detroit,  dominate 
the  contribution  to  ground  level  concentrations  of  benzene  (84%),  1,3-butadiene  (96%),  and 
benzo(a)pyrene  (99%)  in  Windsor. 

•  Benzo(a)pyrene,  the  only  compound  measured  in  Windsor  that  exceeds  the  existing  Ontario's  Ontario 
air  quality  criterion,  has  about  67%  of  its  ground  level  concentration  contributed  from  US  sources. 
The  remainder  from  Windsor  and  vicinity  originate  from  vehicles  (12%)  and  wood  burning  stoves 
(21%). 

•  Point  sources  dominate  (i.e.,  50%  from  the  steel  industry  in  Detroit  and  16%  from  the  automobile 
manufacturing  sector  in  Windsor)  the  contribution  to  ground  level  concentrations  of  chromium  in 
Windsor. 

•  Road  dust  from  Windsor  and  Detroit,  the  motor  vehicle  manufacturing  sector  in  Windsor,  and  the 
steel  industry  in  Detroit  contribute  35%,  27%,  and  13%,  respectively  to  the  cadmium  air 
concentrations  in  the  Windsor  area. 

•  Photochemical  reactions  and  long  range  transport  of  air  pollutants  are  responsible  for  most  of  the 
ground  level  formaldehyde  in  Windsor. 

•  Carbon  tetrachloride  was  found  to  originate  primarily  from  long  range  transport. 

•  Benzo(a)pyrene  levels  in  ambient  air  were  higher  prior  to  the  intensive  monitoring  period  of  the 
Study.  The  coke  ovens  in  the  Detroit  area  were  shut  down  for  most  of  the  Study  period.  Dispersion 
modelling  indicated  ver>'  minimal  contribution  to  ambient  levels  of  B(a)P  in  Windsor  from  the 
retrofitted  coke  ovens  in  Detroit  which  resumed  operation  in  late  1992.  There  were  insufficient  air 
monitoring  results  available  to  confirm  the  modelling  results  on  the  impact  of  the  resumed  coke  oven 
operations. 

•  Northwest  Windsor  has  the  highest  concentrations  of  1,3-butadiene  and  benzo(a)pyrene  and  north- 
central  Windsor  has  the  highest  concentrations  of  benzene,  chromium,  and  cadmium,  reflecting  local 
source  contributions,  primarily  from  the  automobile  manufacturing  sector. 


The  following  table  lists  six  pollutants  of  higher  cancer  and  non-cancer  health  risks  in  Windsor.  The 
table  also  summarizes  the  relative  contributions  from  different  sources  to  the  ambient  concentration  levels 
of  these  chemicals  in  Windsor. 


CHE^^CALS  OF  HEALTH  CONCERN  IN  WINDSOR: 
PERCENT  CONTRIBUTION  TO  AIR  CONCENTRATIONS  FROM  VARIOUS  SOURCES' 


Cd 

Cr 

B(a)P 

C«H, 

CA 

CH^O** 

FROM  \VINT)SOR  SOURCES 

Motor  vehicle 
manufacturing 

27 

16 

8 

Steel  mills  and 
iron  foundries 

1 

Mobile  sources 

- 

2 

12 

17 

16 

7 

Utilities  and 
other  fuel 
combustion 

7 

21 

3 

- 

1 

Other  point 
sources 

2 

9 

2 

Other  area 
sources 

13 

. 

. 

3 

8 

. 

FROM  DETROrr  SOURCES 

Motor  vehicle 
manufacturing 

3 

1 

1 

1 

. 

Steel  mills  and 
coke  ovens 

13 

50 

. 

2 

. 

. 

Mobile  sources 

- 

- 

44 

31 

45 

7 

Utilities  and 
other  fuel 
combustion 

3 

22 

6 

- 

- 

Other  point 
sources 

6 

10 

1 

3 

3 

7 

Other  area 
sources 

36 

1 

24 

27 

3 

Total  % 

100 

100 

100 

100 

100 

25 

Cd   =   cadmium;  Cr   =   chromium;  B(a)P   =  benzo(a)pyrene;  C^Hj   =   benzene;  C4H6   =    1,3-butadiene;  CH2O   = 

formaldehyde 

Photochemical  reactions  and  long  range  transport  of  air  pwllutants  are  responsible  for  most  of  the  ground  level  formaldehyde 

in  Windsor,  resulting  in  only  a  25  %  contribution  from  the  deSnitive  sources  in  Windsor  and  Detroit. 


1.    Study  Objectives  and  Description 


1.1        Background:  Why  Windsor? 

The  concept  of  investigative  urban  airshed 
studies  in  Ontario  to  characterize  chronic  toxic 
pollutants  emerged  in  the  late  1980s.  There  was 
a  growing  concern  in  the  province  over  the 
health  impacts  of  airborne  toxics,  notably 
particulate-bome  trace  metals  and  volatile  and 
semi-volatile  organic  compounds.  These 
persistent,  hazardous  substances  potentially 
produce  a  broad  spectrum  of  undesirable  health 
effects  during  prolonged  exposure.  Many  of 
these  substances  are  known  or  suspected 
carcinogens. 

Information  from  toxics  assessment  programs 
such  as  the  US  National  Toxic  Release  Inventory 
fuelled  this  concern.  This  study  indicated  that 
more  than  a  million  tons  of  toxic  substances 
were  escaping  to  the  atmosphere  in  the  US  ever)' 
year.  The  urban  toxics  monitoring  program  in 
the  United  States  has  been  underway  since  the 
mid-1980s,  and  has  found  a  wide  variety  of 
known  and  suspected  carcinogens  in  urban 
enviroimients.  Risk  assessment  analyses  for 
airborne  toxics  had  been  carried  out  in  many 
American  cities  which  were  similar  in  size  and 
industrial  nature  to  Ontario  urban  communities. 

Windsor's  air  quality  had  been  documented  as 
far  back  as  the  1940s.  Routine  monitoring  for 
various  air  pollutants  in  the  Windsor  airshed 
such  as  suspended  particulate  matter,  sulphur 
dioxide,  carbon  monoxide  and  ozone  has  been 
ongoing  for  more  than  two  decades.  Local 
apprehension  over  airborne  toxics  intensified  in 
late  1986  with  the  construction  of  the  Greater 


Detroit  Resource  Recover^'  Authorit}'  (GDRRA) 
municipal  waste  incinerator  in  Detroit.  The 
GDRRA  incinerator  was  expected  to  be  a 
significant  source  of  mercury  and  chlorinated 
dibenzo-  dioxins  and  dibenzo-fiirans  (dioxins  and 
furans)  emissions.  Furthermore,  a  number  of 
risk  assessment  studies  in  the  United  States  had 
identified  steel  mills  as  being  an  especially 
significant  emissions  source  of  airborne  toxics. 
Since  the  Cit>'  of  Windsor  is  located  in  the 
prevailing  downwind  direction  of  Detroit-based 
steel  mills  and  the  GDRRA  incinerator,  the 
cause  for  concern  is  magnified. 

In  December  of  1990,  the  International  Joint 
Commission's  Air  Quality  Advisory  Board  on 
the  Detroit/Windsor  -  Port  Huron/Samia 
Corridor  published  a  report  which  concluded 
that  there  was  sufficient  information  to  indicate 
a  significant  public  health  issue  in  the  airshed, 
requiring  additional  abatement  and  remedial 
measures.  The  report  also  reconmiended  that  a 
comprehensive  air  toxics  monitoring  program 
should  be  developed  and  implemented  in  the 
region;  that  the  existing  emission  inventor^'  data 
base  be  upgraded;  and  that  regulatory  decisions 
should  take  into  consideration  the  implications  of 
other  exposure  pathways  in  addition  to  air,  such 
as  food  and  water. 

In  order  to  address  the  air  qualit>'  issues,  the 
Ontario  Ministry*  of  Environment  and  Energy 
(MOEE)  embarked  on  an  intensive  airborne 
toxics  study  in  Windsor.  The  ultimate  aim  of 
the  Smdy  is  to  decrease  the  exposure  of  Windsor 
residents  to  airborne  toxic  chemicals,  involving 
the  community  in  the  decision-making  process 
for  their  own  airshed. 


1.2        Objectives 

The  Windsor  Air  Quality  Study  was  designed  to 
answer  the  following  questions: 

•  What  are  the  airborne  toxics  which  might 
cause  concern? 

•  What  are  the  levels  of  airborne  toxics  in  the 
airshed? 

•  What  are  the  major  contributing  sources  for 
the  chemicals  of  concern? 

•  What  are  the  most  significant  exposure 
pathways  for  the  chemicals  of  concern? 

•  What  are  the  relative  health  risks  of  Windsor 
citizens  resulting  from  exposure  to  the 
airborne  toxics? 

The  majority  of  the  field  investigations  designed 
to  answer  the  above  questions  were  carried  out 
during  the  period  June  1991  through  March 
1993.  These  investigations  included  a  detailed 
compilation  of  pollutant  emission  rates  in  the 
Windsor/Detroit  airshed,  an  intensified 
monitoring  program,  and  data  analysis  using 
mathematical  models  and  health  effects 
information.  The  results  of  this  Study  will  be 
provided  to  the  community  through  their 
involvement  on  the  Windsor  Air  Quality 
Committee  in  order  to  recommend  cost-effective 
approaches  for  remedial  measures. 

The  focus  of  the  Windsor  Air  Quality  Study  was 
on  substances  which  pose  high  risks  and 
contribute  to  chronic  health  effects.  A  broad 
spectrum  of  pollutants  was  identified  for  the 
Windsor  Air  Quality  Study  initially  using 
information  on  chronic  toxicity,  a  review  of 
findings  from  other  investigations  and 
information  available  for  pollutants  in  the 
Windsor  airshed.  During  the  study,  additional 
information   on   air   pollutants   and   emissions 


became  available  and  the  list  of  target  pollutants 
was  revised  to  reflect  this  additional  information. 

Ten  substances  were  targeted  for  in-depth 
modelling  and  health  effects  investigation  in  the 
Windsor  Study  because  of  their  potential  for 
health  risk,  bioaccumulation,  persistence,  and 
toxicity.  They  are  listed  in  Table  1.2.1.  Entries 
for  these  substances  are  shaded  in  the  tables 
presented  in  later  sections  of  this  report.  Other 
chemicals  of  secondary  consideration  were 
measured  and  are  described  in  the  respective 
Study  component  reports.  Pollutants  which 
cause  acute  effects,  such  as  ozone,  sulphur 
dioxide,  or  carbon  monoxide,  were  not 
addressed  in  this  Study.  These  are  the  subject  of 
other  Ministry  programs  and  are  reported 
regularly  in  the  Ministry's  daily  Air  Quality 
Index  as  well  as  the  Annual  Air  Quality  in 
Ontario  Report.  Further  information  may  be 
obtained  from  the  Public  Information  Centre, 
Ministry  of  Environment  and  Energy,  135  St. 
Clair  Avenue  West,  Toronto,  Ontario  M4V  1P5 
(416-323^321). 


Table  1.2.1:           Windsor  Air  Quality  Study: 

Cbcmicais    Targeted    for    lo-Deplh 
Modelling      aod      Health      Effects 
InvestigalioQ 

Chemical  Group 

Substance 

Metals 

Cadmium 
Chromium  (VI) 
Mercury 

Volatile  Organic  Compounds 
(VOCs) 

Benzene 
1.3-Butadiene 
Carbon  tetrachloride 
1 ,4-Dichlorobetizene 
Formaldehyde 

Polynuclear  Aromatic 
Hydrocarbons  (PAHs) 

Benzo(a)pyrene 

Semi- Volatile  Organic 
Compounds  (SVOCs) 

Dioxins 
Furans 

2.   Framework  of  Study 

The  Windsor  Air  Quality  Study  places  equal 
emphasis  on  the  understanding  of  the  airborne 
toxic  pollutants  problem  in  the  Windsor  area  and 
the  development  of  an  abatement  strategy  to 
remedy  the  situation.  Figure  2.1  shows  the 
components  and  the  linkage  between  the 
scientific  studies  module  and  the  remedial 
measures  module. 


health  effects  assessment.  Emissions  and 
ambient  monitoring  data  are  input  for  the 
modelling  exercise  to  identify  and  apportion 
source  contributions  to  Windsor's  pollution 
levels.  Health  risk  assessment  takes  into  account 
ambient  monitoring  data,  personal  exposure 
data,  soil  and  vegetation  data  and  information  on 
toxicology  and  potential  hazards  to  identify 
chemicals  and  pathways  which  pose  potential 
risks  to  Windsor  residents  upon  exposure. 


The  first  module  consists  of  a  series  of 
investigative  studies  led  by  the  Ministr)'  of 
Enviroiunent  and  Energy.  This  scientific 
module  has  seven  components:  (1)  emissions 
inventory;  (2)  fixed  site  ambient  air  monitoring; 
(3)  mobile  air  monitoring;  (4)  personal  exposure 
measurements;  (5)  soil  and  garden  produce 
survey;   (6)  mathematical  modelling;  and  (7) 


The  second  module  will  be  the  recommended 
remedial  measures  by  the  Windsor  Air  Quality 
Committee.  The  Committee  is  a  multi- 
stakeholder  forum  with  representation  from 
govenmients  (the  Ministry,  Environment 
Canada,  and  the  City  of  Windsor),  the  Windsor- 
Essex  Health  Unit,  local  enviroimiental  interest 
groups    and    industry,    academia,     and    the 
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Southeast  Michigan  Council  of  Governments. 
Task  groups  have  been  set  up  to  address  (1) 
transboundary  pollution;  (2)  point  sources  - 
regulatory  controls;  (3)  point  sources  -  voluntary 
controls;  (4)  transportation;  and  (5) 
communications  and  public  education. 


The  Committee  will  use  information  provided  by 
these  scientific  investigations  to  recommend 
strategies  for  cost  effective  remedial  measures  to 
reduce  risks  due  to  airborne  toxic  pollution  in 
the  Windsor  area.  Neighbourhood  areas  in 
Windsor  are  shown  in  Figure  2.2. 


Figure  2.2  Neighbourhood  areas  in  Windsor 


Neighbourhood  names  for  Windsor  were  taken  from  a  MapArt  Windsor  City  Plan,  Copyright  1988  MapAit  Corporation.  The  area 
here  labelled  as  "North  Windsor"  includes  the  neighbourhoods  of  Walkerville,  Central  Windsor,  and  South  Central  Windsor.  The 
neighbourhood  of  Sandwich  has  generally  been  referred  to  as  "West  Windsor"  throughout  the  Windsor  Air  Quality  Study  reports. 


3.   Study      Components      and      Result 
Summaries 


3.1        Emission  Inventory 

A  comprehensive  inventory  of  emissions  of 
airborne  toxics  was  carried  out  for  the 
Windsor/Detroit  airshed,  using  accepted  air 
toxics  emission  inventory  methodologies  of 
Environment  Canada  and  the  US  EPA. 

Emissions  from  point  sources  (i.e.,  major 
industrial  sources)  and  area  sources  (e.g., 
traffic,  residential/commercial  fuel  combustion, 
and  small  industrial  operations)  were  compiled 
for  the  Ontario/Michigan  Transboundar>'  region 
covering  an  area  approximately  thirteen  thousand 
square  kilometres.  This  is  a  region  of 
concentrated  industrial  activities  and  high 
population  density.  On  the  Ontario  side  of  this 
studied  region,  an  emission  inventory  from  three 
counties  (Essex,  Kent  and  Lambton)  was 
compiled.  Sources  compiled  from  the  Michigan 
Detroit/Port  Huron  region  comprised  of  seven 
counties  (Lapeer,  St.  Clair.  Oakland,  Macomb, 
Washtenaw,  Wayne  and  Monroe). 

Over  the  greater  Windsor  area,  a  detailed 
emission  inventory  for  point  sources,  area  and 
mobile  sources  was  compiled  on  one  km  by  one 
km  grid  cells.  Approximately  seventy  major 
point  sources  were  characterized  through  a 
source  quantification  survey  and  subsequent 
verification  of  the  MOEE  estimated  air  toxics 
emissions  with  the  reported  industries. 

The  Detroit,  US  Transboundary  emission 
inventory  was  compiled  from  data  available  from 
the  US  EPA  and  Michigan  Department  of 
Natural  Resources.   The  data  in  this  inventory 


were  based  on  1985  source  information  with 
updates  introduced  in  the  subsequent  years  up  to 
1991.  There  were  202  facilities  with 
approximately  2,000  point  source  releases  and 
approximately  350  area  source  grids  of  mixed 
sizes.  The  Detroit  inventory  has  been  assumed 
to  approximate  that  of  Wayne  County. 

A  detailed  presentation  of  the  emission  data  and 
source  information  can  be  found  in  the  Report 
Windsor  Air  Quality  Study:  Emission 
Inventory  for  the  Windsor/Detroit  Airshed. 

Tables  3.1.1  and  3.1.2  provide  the  annual 
emission  rates  of  selected  air  pollutants  from 
Windsor  and  its  vicinity  (hereafter  referred  to  as 
Windsor)  and  Detroit  area  (hereafter  referred  to 
as  Detroit).  Table  3.1.1  is  based  on  data 
available  for  1990,  the  year  for  which  the 
industrial  data  were  requested.  Table  3.1.2 
includes  data  from  a  variety  of  US  data  bases 
(1985-1991).  For  each  substance,  the  emissions 
have  been  grouped  under  various  broad  sector 
categories: 

•  motor  vehicle  manufacturing  (Ford,  Chrysler 
and  General  Motors  Plants  on  both  sides  of 
the  border); 

•  steel  mill  and  coke  oven  or  iron  foundry 
operations  (Great  Lakes  Steel,  etc.,  on  the 
Detroit  side  only,  since  there  are  no  steel 
mills  in  Windsor); 

•  mobile  sources  (e.g.,  cars,  trucks,  airplanes, 
boats,  etc.); 

•  public  or  private  utilities  (power  generating 
stations  only); 


•  other  industrial  and  area  sources  not  covered 

by  the  above  categories  (e.g.,  home 
heating,  miscellaneous  industries,  etc.). 

The  following  points  should  be  borne  in  mind: 

•  Air  pollutant  emissions  from  heavy 
industries  such  as  steel  mills,  petroleum 
refineries  and  electric  utilities  are  confined 
to  Wayne  Count>'  and  its  surrounding 
counties.  Such  industries  are  not  found  in 
Windsor. 

•  Chromium  emissions  are  expressed  as  total 
chromium,  not  the  Cr(VI)  species  which  is 
considered  to  be  the  most  toxic  form  and  is 
the  target  compound  of  interest". 

In  this  Study,  it  was  assumed  in  the  modelling  and 
health  effects  assessment  work  that  Cr(VI)  constitutes 
20%  of  the  total  chromium  loading,  which  is  in 
agreement  with  a  number  of  published  investigations  as 
well  as  some  limited  air  sampling  work  in  the  Windsor 
airshed. 

•  Polynuclear  aromatic  hydrocarbons  (PAHs) 
were  originally  compiled  for  the  Windsor 
Study.  However,  benzo(a)pyrene  (B(a)P) 
was  subsequently  estimated  for  the  purposes 
of  the  modelling  source  apportionment  since 
total  PAHs  emissions  were  not  available  for 
US  sources. 


•  The  Detroit-side  area  sources  component 
excluded  woodstove  contributions  of  dioxins 
and  furans  while  Windsor  area  source 
emissions  included  this  fraction. 

•  There  were  no  coke  oven  emissions  in  the 
Detroit  area  during  the  Study  period,  since 
the  ovens  were  not  operating  due  to  process 
changes  and  plant  closures.  This  is  not  a 
typical  situation,  and,  normally,  an 
atmospheric  burden  of  various  compounds 
from  coke  oven  emissions  (benzene, 
benzo(a)pyrene,  trace  metals)  would  be 
expected.  In  late  1992  a  modernized  coke 
oven  battery  was  commissioned. 

The  total  emission  rate  in  kilograms  per  year 
(kg/yr)  for  each  compound  inventoried  in 
Windsor  and  Detroit  is  given  in  Table  3.1.1  and 
3.1.2.  The  final  column  indicates  the  percentage 
contribution  of  Windsor  or  Detroit  emissions  to 
the  total  Windsor/Detroit  airshed  load. 

•  Air  pollutant  emissions  from  the  Windsor 
area  are  far  less  than  those  from  the  Detroit 
area.  Windsor's  contribution  to  the 
combined  emissions  of  Detroit  and  Windsor 
range  from  0.1%  for  vinyl  chloride  to 
35.4%  for  chloroform.  This  is  attributed  to 
Detroit  having  a  much  larger  industrial  base, 
population  and  mobile  source  emissions. 


•  Emissions  data  for  1 ,4-dichlorobenzene,  a 
target  substance,  is  available  for  Windsor 
sources  but  not  Detroit  sources. 


•  Windsor's  air  pollutant  emissions  range 
from  82  g/yr  for  dioxins  to  140,000  kg/yr 
for  benzene. 


•  Road  dust,  a  significant  source  of  cadmium, 
was  not  included  as  a  fraction  of  the  Detroit- 
side  area  source  emissions  whereas  it  was 
included  in  Windsor  area  source  emissions. 


•  About    74%     of    the    studied    pollutant 
emissions  in  Windsor  are  from  area  sources. 

•  Mobile   sources   are  the  main   source   of 
VOCs.  Degreasing  operations,  dry  cleaning 


and  consumer  product  usage  are  the  largest 
emitters  of  chlorinated  solvents. 

•  The  main  sources  of  heavy  metal  emissions 
include  fuel  combustion,  mobile  sources  and 
iron  foundry/automotive  casting  operations. 
An  estimated  26,000  kg/yr  of  chromium 
were  emitted  from  the  Detroit  area  as 
compared  to  1 ,400  kg/yr  from  the  Windsor 
area. 


Emissions  of  formaldehyde,  primarily 
originating  from  transportation,  were 
estimated  to  be  1,732,000  kg/yr  from  the 
Detroit  area  while  only  75,000  kg/yr  were 
emitted  in  the  Windsor  area.  It  should  be 
noted  that  formaldehyde  is  primarily  a 
secondary  by-product  of  photochemical 
reactions  and  long  range  transport  from 
areas  outside  the  Study  domain. 


•  As  much  as  3,611,000  kg/yr  of  benzene 
were  emitted  from  the  Detroit  area,  mainly 
from  mobile  sources  and  industrial  activities. 
The  benzene  emissions  from  the  Windsor 
area  only  contributed  140,000  kg/yr  to  the 
studied  airshed. 
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3.2       Ambient  Air  Monitoring 

The  objective  of  this  component  of  the  Study 
was  to  collate  air  quality  data  collected  in  the 
Windsor/Detroit  area  for  use  in  mathematical 
source  apportionment  and  health  risk  analysis. 

Routine  air  monitoring  was  instituted  at  a 
downtown  Windsor  site  in  1987  by  Environment 
Canada,  Conservation  &  Protection  (ECC&P), 
in  cooperation  with  the  MOEE,  for  a  number  of 
airborne  volatile  and  semi-volatile  organic 
substances  and  trace  metals.  The  monitoring 
activity  was  expanded  in  1990,  and  again  during 
the  period  of  June  1991  to  March  1993.  In  this 
Study,  the  Windsor  measurements  were 
supplemented  by  Detroit  area  data  obtained  from 
the  Wayne  County  Air  Pollution  Control 
Division,  the  Michigan  Department  of  Natural 
Resources  and  Roy  F.  Weston,  Inc.  Figure 
3.2.1  shows  the  locations  of  the  monitoring 
stations. 

In  addition  to  most  of  the  target  substances, 
ambient  air  samples  were  analyzed  for  many 
other  toxics.  A  detailed  description  of  the 
ambient  air  toxics  monitoring  method  and  results 
are  presented  in  the  companion  report,  Windsor 
Air  Quality  Study:  Ambient  Air  Monitoring 
Activities. 

Table  3.2.1  summarizes  the  results  of  the 
ambient  air  monitoring  program  for  airborne 
toxics  at  the  five  Windsor  stations  together  with 
Ontario's  air  quality  criteria,  when  applicable. 

The  measurements  for  all  of  the  stations  are 
pooled  to  give  a  picture  of  the  overall  airshed 
ambient  levels  rather  than  a  spatial  distribution 
across  the  city.  For  a  more  representative 
understanding  of  long-term  air  quality  in  the 
airshed,  all  data  are  included,  from  the  inception 
of  monitoring  at  each  station  to  the  end  of  1992 


(if  available).  Thus,  the  period  of  time  covered 
may  vary  from  one  pollutant  to  another  and  the 
monitoring  coverage  represented  is  not  limited  to 
the  designated  Windsor  Air  Quality  Study 
sampling  period.  For  all  the  compounds  except 
dioxins  and  furans,  the  statistics  are  based  on  24 
hour  samples.  For  dioxins  and  furans,  24  and 
48  hour  samples  were  used  to  compute  annual 
values. 

Even  though  air  samples  were  analyzed  for 
several  polynuclear  aromatic  hydrocarbons 
(PAHs),  benzo(a)pyrene  (B(a)P)  is  the  only  PAH 
compound  with  individual  results  shown. 
Measured  concentrations  of  the  other  PAHs  can 
be  found  in  the  Ambient  Air  Monitoring 
Activities  report. 

•  The  observed  mean  and  maximum 
concentration  levels  of  some  of  the 
pollutants  selected  for  primary  investigation 
are:  0.0016  and  0.091  ug/m'  for  cadmium; 
0.006  and  0.14  ug/m^  for  chromium;  2.64 
and  1 1 .65  ug/m'  for  benzene;  0. 19  and  1 .38 
ug/m'  for  1 ,3-butadiene;  0.74  and  8.50 
ug/m^  for  carbon  tetrachloride;  0.89  and 
14.60  ug/m'  for  1,4-dichlorobenzene;  3.70 
and  25.06  ug/m^  for  formaldehyde;  and  0.51 
and  15.29  ng/m^  for  benzo(a)pyrene. 

•  In  general,  the  mean  concentration  levels  for 
the  pollutants  monitored  are  considerably 
lower  than  applicable  Ministry  air  quality 
criteria.  Maximum  measured  values  are 
also  below  these  criteria.  The  exception  is 
benzo(a)pyrene.  For  this  compound,  the 
long-term  average  (0.51  ng/m')  for  the 
Windsor  area  exceeds  the  existing  annual 
criterion  (0.3  ng/m'),  and  the  maximum 
concentration  (15.29  ng/m')  observed  at  a 
specific  monitoring  site  exceeded  the  24  h 
criterion  of  1.1  ng/m'  (for  a  single  source). 
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•  Dioxin  and  furan  levels  also  seem  to  be 
higher  in  Windsor  than  other  Ontario  cities, 
and  are  possibly  due  to  the  presence  of  the 
Greater  Detroit  Resource  Recovery 
Authority  incinerator.  A  large  sewage 
sludge  incinerator  in  Detroit  may  also 
contribute  to  dioxin  levels,  although  they 
were  not  included  in  the  emissions  inventory 
or     modelled.  Elevated     levels     of 

formaldehyde  were  observed  at  site  12016  in 
West  Windsor. 

A  comparison  of  ambient  concentrations 
measured  in  Windsor  with  those  measured  in 
other  Ontario  and  Canadian  communities  of 
some  selected  substances  is  shown  in  Figure 
3.2.2.  Since  measurements  are  shown  for  the 
individual  Windsor  stations,  a  comparison  is  also 
possible  for  the  west  Windsor  stations  (12007 
and  12016)  with  data  from  other  areas  of 
Windsor,  where  available.  West  Windsor  has 
been  identified  as  an  area  where  air  quality 
problems  may  be  more  severe  than  elsewhere  in 
the  airshed,  and  there  are  reports  of  frequent 
odour  episodes.  A  range  of  aimual  average 
concentrations,  where  several  years'  data  were 
available,  is  shown  for  each  station.  Hamilton 
sites  are  identified  as  follows:  Mm  (Mountain), 
DnTn  (Downtown)  and  Beach  (Beach 
Boulevard). 


Target  substance  concentration  ranges  in 
Windsor  are,  in  general,  comparable  to  or 
lower  than  those  found  in  other  Ontario 
communities.  One      exception      is 

benzo(a)pyrene,  where  concentration  levels 
at  the  west  Windsor  site  (12007)  seem  to  be 
considerably  higher.  Site  12007  is 
immediately  opposite  and  usually  downwind 
of  Zug  Island,  Detroit.  This  area  is  heavily 
industrialized  and  includes  two  steel  mills. 
The  higher  levels  of  B(a)P  were  obtained 
prior  to  the  Study  period  and  the  shutdown 
of  the  coke  ovens.  During  most  of  the 
Study  period,  the  Detroit  area  coke  ovens 
were  not  operating.  One  coke  oven  was  re- 
commissioned  late  in  1992.  Its  impact  was 
estimated  in  the  Windsor  Air  Quality 
Study:  Mathematical  Modelling/Source 
Apportionment. 


Figures  for  cadmium  and  chromium  are  based 
on  data  ft-om  inhalable  particulate  monitors 
operated  by  the  federal  government.  Only 
federal  govenmient  data  were  used  so  that  the 
comparison  with  other  monitoring  sites  in 
Canada  would  be  consistent  with  respect  to 
sampling  and  analytical  methodology.  For  the 
metals  data,  Vancouver  1  is  Rocky  Point  Park 
and  Vancouver  2  is  West  10th  Avenue. 
Montreal  1  is  at  1125  Ontario  Street  and 
Montreal  2  is  at  Duncan  and  Décarie. 
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able  3.2.1:    Summary  of  ambient  air  results  from  the  Windsor  monitoring  sites 

Substance 

Units 

24-Hour 
AAQC 

Arithmetic 
Mean 

24-Hour 
Maximum 

24-Hour 
Minimum 

Number  of 
Samples 

Arsenic 

^g/m' 

0.3 

0.0014 

0.0043 

0.0003 

54 

Beryllium 

7jg/m' 

10 

t 

0.14 

n.d. 

55 

Cadmium 

ixg/m^ 

2 

0.0016 

0.091 

n.d. 

2840 

Chromium  (total) 

/ig/m' 

1.5 

0.006 

0.140 

n.d. 

2838 

Lead 

lig/m? 

5 

0.040 

0.340 

n.d. 

3181 

Manganese 

/ig/m' 

2.5 

0.072 

1.35 

n.d. 

2841 

Nickel 

Mg/m' 

2 

0.004 

0.35 

n.d. 

2839 

Benzene 

figlXD? 

* 

2.64 

11.65 

n.d. 

440 

1 ,3-Butadiene 

Hg/m^ 

* 

0.19 

1.38 

n.d. 

441 

Carbon  tetrachloride 

/ig/m' 

600 

0.74 

8.50 

n.d. 

413 

Chloroform 

Mg/m' 

500 

0.20 

1.90 

n.d. 

412 

1 ,4-Dichlorobenzene 

ftg/m^ 

* 

0.89 

14.60 

n.d. 

408 

1 ,2-Dichloroethane 

tlglVD? 

400 

0.08 

2.27 

n.d. 

413 

Ethylene  dibromide 

yiglTO? 

3 

t 

0.50 

n.d. 

412 

Formaldehyde 

Iig/m? 

* 

3.70 

25.06 

0.36 

146 

Methylene  chloride 

/ig/m' 

1765 

1.84 

44.40 

n.d. 

386 

Perchloroethylene 

Mg/m' 

4000 

0.73 

5.60 

n.d. 

412 

Trichloroethylene 

^g/m' 

28000 

0.33 

4.89 

n.d. 

413 

Benzo(a)pyrene 

Vgfra^ 

l.i" 
0.3" 

0.51 

15.29 

n.d. 

495 

Vinyl  chloride 

fig/m^ 

1 

t 

0.62 

n.d 

412 

Total  PAH 

7?g/m' 

♦ 

23.22 

225.8 

0.85 

337 

Chlorobenzenes 

77g/m^ 

* 

1.92- 

15.72 

n.d. 

137 

Chlorophenols 

ijg/m^ 

* 

2.36 

12.18 

n.d. 

77 

Polychlorinated 
biphenyls 

T?g/m^ 

150 

0.41 

3.30 

n.d. 

137 

Total  Dioxins  &  Forans 

pgTEQ 

5» 

0.228 

1.732 

0.012 

106 

Notes:      ;ig  =  nncrogram  (10^  g);  jjg  =  nanogram  (10"'  g);  pg  =  picogram  (10"'^  g);    m'  =  cubic  metres;  n.d.  =  not  detected 

•       Ambient  Air  Quality  Criterion  (AAQC)  either  unavailable  or  under  development 

**     24  h  AAQC  is  1.1  Tjg/ra'  for  a  single  source.   The  annual  value  is  0.3  rjg/nf. 

t       Substance  detected  in  less  than  20%  of  the  samples  and  therefore  no  arithmetic  mean  is  calculated 

ft     Interim  AAQC  calculated  using  international  Toxicity  Equivalents  Factors  (TEQ) 
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Figure  3.2.2:    Comparison  of  Windsor  ambient  air  toxics  levels  with  other  Ontario  and  Canadian  communities 
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igure  3.2.2: 


Comparison  of  Windsor  ambient  air  toxics  levels  with  other  Ontario  and  Canadian  communities 
(Cont'd.) 
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3.3        TAGA  6000  Survey 

The  Ministry's  two  mobile  TAGA  6000  (Trace 
Atmospheric  Gas  Analyzer)  units  were  deployed 
in  the  Windsor  area  as  part  of  the  Windsor 
Study.  The  TAGAs  have  monitoring  capabilities 
unattainable  by  conventional  sampling  and 
analysis     techniques.  They     are     mass 

spectrometers,  with  the  capability  of 
instantaneously  detecting  and  quantifying  ultra 
trace  levels  of  organic  compounds. 

Pollutant  "hot  spots"  can  be  investigated  by 
plotting  pollutant  levels  while  the  TAGA  is  in 
motion  and  tracking  plumes  back  to  the  source; 
odours  can  be  chemically  characterized  and  one 
can  determine  whether  airborne  toxics  in  the 
vicinity  of  emission  sources  are  present  at  levels 
of  concern  to  human  health.  For  the  Windsor 
Study,  a  specially  developed  analyzer  was 
mounted  in  the  mobile  TAGA  units  for 
measurements  of  vapour-phase  mercury  at 
various  locations.  Mercury  is  one  of  the 
pollutants  emitted  by  the  Greater  Detroit 
Resource  Recovery  Authority  incinerator. 

During  July  and  August  of  1990,  a  TAGA 
reconnaissance  survey  was  conducted  mainly 
along  the  Detroit  River  to  determine  if  the 
GDRRA  incinerator's  emissions  were  impacting 
on  Windsor.  Mercury  and  hydrogen  chloride 
gas  were  the  primary  target  substances.  Some 
sampling  for  organic  compounds  was  also 
conducted  in  the  vicinity  of  the  Ford  casting 
plant. 

During  the  Windsor  Study,  four  surveys  were 
conducted  in  the  Windsor  area  by  the  TAGA 
units  (in  August  1991,  September  1991,  July- 
August  1992  and  October  1992).    The  pr unary 


purpose  of  these  surveys  was  to  determine  if 
there  were  any  air  toxics  "hot  spots",  where 
Ministry  air  quality  standards  were  exceeded. 
Air  samples  were  taken  within  the  vicinity  of  a 
number  of  industrial  sources,  in  the  downtown 
core  and  in  several  residential  areas,  including 
west  Windsor.  Air  samples  were  analyzed  for 
various  volatile  organic  compounds,  hydrogen 
chloride  and  hydrogen  fluoride  gases,  and 
mercury  vapour  (not  all  of  these  pollutants  were 
measured  in  every  one  of  the  surveys).  Samples 
were  scanned  also  for  hundreds  of  organic 
compounds  not  routinely  monitored  by  the 
ambient  air  monitoring  network. 

Details  of  the  TAGA  surveys  can  be  found  in 
the  report  Windsor  Air  Quality  Study:  TAGA 
6000  Survey  Results. 

The  main  results  can  be  sunmiarized  as  follows: 

•  Measured  pollutants  generally  were  detected 
only  in  the  immediate  vicinity  of  suspected 
industrial  sources.  Concentrations  decreased 
quickly  within  a  few  hundred  metres  from 
the  sources.  Odours  were  also  often  present 
near  industrial  sources  and  were  associated 
with  different  chemicals  at  different  sources 
(e.g.,  triethylamine  for  the  Ford  casting 
plant,  butyl  cellosolve  for  the  Chrysler 
minivan  plant,  and  ethanol  for  the  Hiram- 
Walker  Distillery). 

•  The  concentrations  for  most  substances 
never  approached  the  current  Ministry  point 
of  impingement  (POI)  standards;  even  for 
samples  taken  close  to  industrial  sources.  In 
fact,  half-hour  average  concentrations 
measured  were  typically  two  or  three  orders 
of  magnitude  lower  than  the  POI  standards 
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for  the  target  compounds  surveyed.  These 
results  apply  to  samples  collected  in  west 
Windsor  as  well  as  other  locations  in  the 
airshed. 

•  Elevated  hydrogen  fluoride  and  hydrogen 
chloride  concentrations,  in  excess  of  the 
half-hour  POI  air  quality  standards  (4.3  and 
100  fjLg/m^,  respectively),  were  frequently 
encountered  and  a  detectable  pollutant  plume 
persisted  as  far  as  two  kilometres  downwind 
from  the  Ford  Essex  Aluniinum  Plant. 
Control  measures  are  currently  being  put  in 
place  to  reduce  emissions  from  this  facility. 

•  On  several  occasions,  attempts  were  made  to 
monitor  the  impact  of  Detroit  sources,  e.g., 
the  impact  of  Zug  Island  industries  on  west 
Windsor  or  the  GDRRA  incinerator  on 
downwind  areas  of  Windsor.  Such  impacts 
were  difficult  to  detect,  which  was  partly 
due  to  unfavourable  wind  directions  during 
survey  periods.  The  TAGA  could  take  up  a 
monitoring  position  downwind  of  these 
sources  only  infrequently. 

•  Monitoring  results  for  mercury,  one  of  the 
compounds  of  concern  from  the  Detroit 
incinerator,  displayed  a  local  "hot  spot"  in 
the  vicinity  of  the  now-abandoned  Dominion 
Forge  building,  with  half-hour  average 
mercury  concentrations  ranging  from  about 
0.001  to  as  high  as  0.13  fig/rn^  were  being 
measured.  While  this  value  is  well  above 
the  concentrations  measured  elsewhere  in 
Windsor  it  is  still  much  lower  than  the 
Ministry  one-half  hour  POI  standard  of  5 
IJLg/m\ 


3.4        Personal  Exposure  Survey 


For  the  Windsor  Air  Quality  Study,  specific 
personal  exposure  assessment  measurement 
campaigns  were  conducted  during  the  summer  of 
1991,  the  winter/spring  of  1992  and  the  summer 
of  1992,  to  measure  the  concentrations  of 
contaminants  in  the  air  that  a  person  might 
breath  during  the  course  of  daily  activities. 

These  studies  examined  the  personal  and  general 
air  quality  of  a  variety  of  microenvironments 
including  different  homes,  offices,  motels, 
hotels,  vehicles,  garages  and  a  variety  of 
communal  places  such  as  several  bingo  halls,  a 
cafeteria,  a  retirement  home,  a  swimming  pool 
and  a  gymnasium  -  places  where  people  actually 
spend  their  time.  Samples  were  also  gathered 
during  the  volunteers'  commute  to  and  from 
work. 

The  majority  of  the  volunteers  were  with  the 
government,  academia  or  other  environmental 
agencies;  not  from  professions  which  inherently 
have  employees  spending  considerably  large 
portions  of  time  outdoors  (as  an  example, 
construction  and  agricultural  workers). 

Airborne  concentrations  of  56  carbonyl  and 
other  volatile  organic  compounds  (VOCs)  and  8 
selected  airborne  trace  metals  were  measured. 
All  samples  were  either  acquired  within  the 
volunteers'  "breathing  zone"  or  at  a  height  of 
1.5  metres  in  their  microenvironments. 
Throughout  the  study,  concurrent  outdoor 
samples  were  also  collected  at  the  volunteers' 
homes  and,  if  possible,  at  their  offices. 
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For  each  volunteer,  a  24-hour  "snapshot" 
personal  air  quality  profile  was  compiled.  Based 
on  this  and  their  time  activit}'  diar>'  for  the  same 
24  hours,  an  exposure  profile  was  computed. 

Exposure  is  defined  as  the  product  of  the  time  a 
person  is  in  contact  with  a  particular  pollutant 
(or  class  of  pollutants)  and  the  concentration  of 
the(se)  pollutant(s)  in  the  air  that  they  breathe. 

The  results,  while  not  extensive,  do  provide 
useful  human  exposure  information.  Details  are 
reported  in  Windsor  Air  Quality  Study: 
Personal  Exposure  Survey  Results. 


Figure  3.4.1    Time  budget  profile  of 
the  Windsor  volunteers 

Time-Budget  Analysis 


31  Volunteers  :  Qoeationiudrc  Results 


During  the  sunmier  study,  14  volunteers  were 
involved  and  they  spent  approximately  20% 
of  their  time  outdoors  whereas  during  the 
winter/spring  study,  17  volunteers 
participated  in  the  study  spent  8%  of  their 
time  outdoors.  Figure  3.4.1  is  a  composite 
time-budget  analysis  of  all  the  volunteers  for 
the  two  campaigns.  "In"  and  "Out"  in  the 
figure  refer  to  "indoors"  and  "outdoors", 
respectively. 

Figure  3.4.2  summarizes  the  relative  VOC 
concentrations  the  volunteers  were  exposed  to 
outdoors  and  in  the  various  indoor  and 
commuting      microenvironments.  Both 

concentrations  determined  from  the  indoor 
and  commuting  samples  were  considerably 
higher  than  those  determined  from  the 
outdoor  samples.  The  average  commuting 
time  was  less  than  one  hour  and  the  majority 
used  a  car.  Similar  concentrations  were 
measured  in  the  home  and  the  office.  All  43 
offices  were  non-smoking  whereas  22  of  the 
36  homes  were  "smoke-free". 


Figure  3.4.2  Relative  airborne  volatile 
organic  compound  concentrations  in 
various  Windsor  microenvirotmients 

Volatile  Organic  Compounds 


Relative  Airborne  Concentrations 


•  Due  to  the  higher  indoor  airborne  VOC 
concentrations  and  the  longer  times  spent  in 
the  indoor  microenvironments,  almost  90%  of 
the  volunteers'  daily  exposure  (concentration 
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X  time)  originated  from  indoors.  Table  3.4.1 
shows  the  composite  VOC  exposure  profile 
for  all  31  volunteers.  Only  3%  of  a  person's 
daily  exposure  originates  from  the  outdoors. 
Although  less  time  is  spent  on  commuting 
than  outdoors  (less  than  one  hour  versus  = 
three  hours),  higher  VOC  concentrations  are 
experienced  during  commuting,  resulting  in 
7%  of  a  person's  daily  exposure. 

Exposure  profiles  to  17  carbonyl  compounds 
(e.g.,  formaldehyde,  acetaldehyde,  acrolein, 
etc.)  and  eight  airborne  trace  metals  (e.g., 
manganese  and  lead,  etc.)  are  also  shown  in 
Table  3.4.1.  The  volunteers'  daily  exposure 
to  the  outdoor  airborne  contaminants  was  only 
3  %  of  their  total  daily  exposure  for  carbonyls 
•and  22%  for  the  trace  metals. 

For  the  airborne  trace  metals,  comparable  or 
slightly  higher  concentration  levels  were 
measured  in  the  outdoor  samples  when 
compared  to  those  acquired  indoors. 

The  air  quality  was  determined  to  be 
relatively  poor  in  bingo  halls,  in  new  office 
buildings,  in  the  car,  and  in  garages.  The 
presence  of  environmental  tobacco  smoke 
(ETS)  was  noted  in  many  places  -  particularly 
in  binso  halls. 


•  During  the  summer  of  '92,  a  special 
monitoring  program  and  analytical  method 
was  developed  for  hexavalent  chromium 
(Cr(VI))  and  from  the  limited  number  of 
samples  collected,  the  Cr(VI)  concentration 
levels  were  found  to  be  in  the  range  of  0.5  to 
6.0  ng/m'  for  outdoor  air  and  1.0  to  1.5 
ng/m'  for  indoor  air,  respectively. 

•  Although  many  more  airborne  contaminants 
were  detected  in  the  samples  collected  during 
this  Study  component.  Table  3.4.2  gives  a 
summary  for  five  of  the  higher  risk 
pollutants. 

•  For  VOCs  and  carbonyls,  the  effects  of 
sources  in  the  home,  office  and  other 
confined  or  enclosed  microenvironments 
dominate  over  outdoor  sources  such  as 
industry  and  the  automobile  with  respect  to 
human  exposure.  This  important  fact  is  in 
agreement  with  the  findings  of  other  studies 
of  personal  exposure;  notably  the  extensive 
TEAM  (Total  Exposure  Assessment 
Methodology)  studies  in  the  United  States. 
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Table  3.4. 1        Relative  exposures  of  Windsor  volunteers  to  selected  pollutants  in  various  microenvironments 


Compound  Class 

Indoors: 
Home 

Indoors: 
Office 

Outdoors 

Commute 

VOCs 

=  70% 

=  20% 

=  3% 

=  7% 

Carbonyls 

=  83% 

=  15% 

=  3% 

nd 

Trace  Metals 

=  60% 

=  18% 

=  22% 

nd 

nd:  not  done 

=  approximately 

Table  3.4.2       Pollutant  concentrations  in  various  Windsor  microenvironments 


Contaminant 

Outdoors 

Indoors 
at  Home 

Indoors 
at  the  Office 

Commuting 

#of 
Smpls 

Anth 
mean" 

#of 
Smpls 

Arith 
mean' 

#of 
Smpls 

Arith 
mean' 

#of 
Smpls 

AriA 
mean* 

Benzene                                 ' 

112 

2.7 

3.2 

59 

15.7 

59 

3.1 

43 

1,3-Butadiene                          ' 

112 

na 

59 

0.5 

43 

na 

59 

1.1 

Fonnaldehyde                       - 

49 

33 

36 

31.2 

18 

17.6 

na 

na 

Cadmium                              ' 

49 

13 

37 

0.'' 

17 

0.8 

na 

na 

Chromium  (VI)                     ' 

16 

2.0 

3 

1.2 

na 

na 

na 

na 

'  Volatile  Organic  Conqwunds  -  Concentration  Units  are  uglm^   (micrograms  per  cubic  metre) 

-  Caibonyk  -  Concentration  Units  are  ^g/m' 

'  Trace  Metals  -  Concentration  Units  are  ng/m'    (nanograms  per  cubic  metre) 

*  Arithmetic  means  were  only  computed  if  the  compound  was  detected  in  more  than  20  %  of  the  collected  sangles.  One-half 

of  the  appropriate  method  detection  limits  were  substituted  for  the  non-detects  for  this  calculation.    Snç>k  =  Sançles;     na 

=  not  available/applicable. 
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3.5       Soil  and  Garden  Produce  Survey 

Emissions  to  the  atmosphere  can  have  an  impact 
on  exposure  pathways  other  than  inhalation 
because  some  toxic  substances,  e.g.,  metals  and 
semi-volatile  organic  compounds,  are  deposited 
to  the  earth's  surface  by  precipitation  (wet 
deposition)  and  various  dry  deposition  processes 
(absorption  of  gases  by  water  bodies,  soils  and 
vegetation,  gravitational  settling  of  dust,  etc.). 
These  contaminants  enter  the  food  and  drinking 
water  pathways  and  can  be  ingested.  The  impact 
of  an  emitting  source  can  be  quite  localized,  or 
can  extend  over  a  large  area  depending  on  the 
nature  of  the  pollutants  emitted. 

As  part  of  the  Windsor  Air  Quality  Study,  soil 
and  garden  produce  samples  collected  in  the 
Windsor  area  in  1989  and  1990  were  analyzed 
for  various  trace  metals  and  organic  compounds. 
Soil  samples  taken  were  limited  to  the  top  five 
centimetres,  that  is,  soil  which  might  be  ingested 
by  children  at  play.  Locally  grown  garden 
produce  samples  were  analyzed  to  supply 
information  for  the  exposure  assessment  analyses 
of  this  Study.  Not  all  samples  were  analyzed  for 
the  entire  compound  list  targeted  for  primary 
investigation  (Table  1.2.1). 

A  detailed  presentation  of  the  soil  and  vegetation 
results  can  be  found  in  the  companion  report 
Windlsor  Air  Quality  Study:  Soil  and  Garden 
Produce  Survey  Results.  The  data  from  this 
survey  provided  input  to  the  exposure 
assessments  carried  out  in  the  Health  Effects 
Assessment  presented  in  Section  3.7. 

The  surface  soil  samples  had  detectable 
concentrations  for  most  trace  metals.  Results  for 
Windsor  and  rural  Essex  County  locations  are 


summarized  in  Table  3.5.1.  This  table  shows 
the  range  of  values  found  for  different  metals, 
the  concentrations  being  expressed  in  parts  per 
million  by  weight  (ppm-w),  which  is  also 
equivalent  to  microgram  of  metal  per  gram  of 
soil. 

•  Similar  means  and  ranges  of  concentration  for 
most  metals  were  observed  at  Windsor 
(urban)  and  Essex  County  (rural)  locations. 
Exceptions  were  cadmium  and  mercury, 
which  tended  to  have  higher  concentrations  at 
Windsor  locations. 

•  The  concentrations  of  all  trace  metals  in  soil 
samples  collected  at  Windsor  urban  locations 
were  at  or  below  the  Ministry's  urban  Upper 
Limit  of  Normal  (ULN)  guideline 
concentrations.  The  trace  metal 
concentrations  in  soil  from  all  rural  samples 
had  concentrations  at  or  below  the  rural  ULN 
guidelines. 

•  Polynuclear  aromatic  hydrocarbons  were 
consistently  detected  in  soil  samples  collected 
at  urban  locations,  but  not  at  rural  locations. 
Of  the  16  different  PAH  s  analyzed  in  the  soil 
samples,  a  high  proportion  were  below  the 
method  detection  limits.  This  is  m  line  with 
levels  found  in  other  Ontario  communities. 
For  example,  for  benzo(a)pyrene,  76%  of  the 
measurements  were  less  than  0.20  ppm-w  (the 
highest  value  found  in  this  survey  was  0.91 
ppm-w). 

•  The  polychlorinated  biphenyls  (PCBs)  and 
chlorinated  aromatics  results  for  the  soil 
samples  were  less  than  the  detection  limits  of 
0.02  ppm-w  and  0.001-0.002  ppm-w, 
respectively. 
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Dioxins  and  furans  were  detected  in  many  of 
the  surface  soil  samples,  but  there  was  no 
clear  difference  between  the  results  for  the 
urban  Windsor  and  rural  Essex  County  sites. 

For  locally  grown  produce  samples, 
chlorinated  aromatics  concentrations  were 
below  the  analytical  detection  limit,  namely 


0.001-0.002  ppm-w.  PCBs  were  also  less  than 
the  detection  limit  of  0.02  ppm-w  of  vegetation. 
Dioxins  and  furans  were  only  occasionally 
detected,  with  no  clear  indication  of  elevated 
levels  in  Windsor  as  compared  to  surrounding 
rural  areas. 


Table  3.5.1:      Summary  of  metal  concentrations  (ppm-w)  in  Windsor  and  rural  Essex  County  surface  soil 


Metal 

Cit>'of  Windsor  (n= 36) 

Essex  County  (n=54) 

Maximum 

Minimum 

Arithmetic 
Mean 

Maximum 

Minimum 

Arithmetic 
Mean 

Arsenic 

16.7 

4.1 

7.2 

7.2 

4.8 

5.8 

Ber>'llium 

0.8 

0.3 

0.7 

1.0 

0.6 

0.8 

Cadmium 

1.7 

0.41 

0.79 

1.1 

0.06 

0.49 

Chromium  (total) 

33 

20 

25 

29 

19 

23 

Lead 

128 

23 

59 

130 

17 

44 

Manganese 

413 

160 

244 

317 

167 

223 

Mercur}' 

0.20 

0.02 

0.08 

0.07 

0.01 

0.04 

Nickel 

24 

14 

21 

27 

19 

23 

Vanadium 

43 

28 

35 

48 

34 

39 
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3.6        Mathematical  Modelling  and  Source 
Apportionment 


A  state-of-the-art  urban  dispersion  model, 
developed  as  part  of  the  Ministry's  proposed 
updating  of  its  Environmental  Protection  Act's 
Regulation  346  models,  was  used  to  (1) 
determine  the  relative  contributions  of  various 
source  sectors  to  ambient  concentrations  for  21 
compounds;  (2)  describe  the  spatial  distribution 
of  the  air  concentrations  of  these  compounds 
across  the  Windsor  area;  (3)  provide  a  check  on 
the  adequacy  of  the  emissions  inventories. 


•  Photochemistry,  along  with  long  range 
transport,  accounts  for  60  to  80  %  of  the 
modelled  formaldehyde  air  concentrations. 

•  Contributions  to  modelled  Windsor  air 
concentrations  from  sources  in  the  Detroit 
area  were  about  58%  for  cadmium,  65%  for 
chromium,  67%  for  B(a)P  and  benzene,  and 
76%  for  1,3 -butadiene. 

•  Area  sources,  particularly  mobile  emissions, 
were  the  dominant  source  sector  for  benzene 
(84%),  1,3-butadiene  (96%)  and  B(a)P 
(99%). 


For  a  complete  discussion  of  the  modelling 
results,  see  the  report  Windsor  Air  Quality 
Study:  Mathematical  Modelling  and  Source 
Apportionment. 

Summaries  of  the  source  apportionment  of  air 
concentrations  averaged  over  the  Windsor  area 
are  given  in  Tables  3.6.1  and  3.6.2  for  the 
Canadian  (Windsor  and  vicinity)  sources  and  the 
U.S.  (Detroit  and  vicinity)  sources,  respectively. 
Only  results  pertaining  to  compounds  identified 
to  contribute  to  the  higher  cancer  risks  and  other 
chronic  impacts  due  to  inhalation  are  highlighted 
here. 

Source  Apportioimient 

The  modelled  contribution  to  average  Windsor 
air  concentrations  has  been  foimd  to  be  as 
follows: 

•  For  carbon  tetrachloride,  long  range  transport 
is  a  dominant  source  of  the  observed  air 
concentrations. 


•  The  largest  contributors  to  the  modelled 
chromium  air  concentrations  are  the  steel 
industry'  in  Detroit  (50%)  and  the  motor 
vehicle  manufacturing  sector  in  Windsor 
(16%). 

•  For  cadmium,  a  significant  modelled 
contribution  of  about  35%  is  due  to  road  dust 
from  Windsor  and  Detroit.  The  motor 
vehicle  manufacturing  in  Windsor  and  the 
steel  industry  in  Detroit  contribute, 
respectively,  27%  and  13%  to  the  modelled 
contributions  to  the  Windsor  airshed. 

Spatial  Concentration  Profiles 

In  the  Windsor  area: 

•  Chromium  and  cadmium  have  higher 
modelled  air  concentrations  over  the  north- 
central  part  of  Windsor. 

•  1,3-Butadiene  and  B(a)P  were  dominated  by 
emissions  from  area  sources  and  showed 
similar  patterns  of  air  concentrations.    The 
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highest  values  were  in  the  northwest  part  of 
Windsor  with  a  gradual  reduction  in 
concentrations  toward  the  south-east. 

•  For  benzene,  the  contribution  due  to  Windsor 
industrial  sources  added  to  that  due  to  the 
area  source  produced  a  maximum  modelled 
impact  in  north-central  Windsor. 


Canadian  point  source  contribution  relative  to 
that  of  the  US  was  found  to  be  higher  at 
receptors  near  the  maximum  modelled 
concentrations  than  the  average  greater 
Windsor  area. 


Formaldehyde  also  showed  the  highest 
concentration  in  the  northwest  but  the 
relatively  large  background  concentration 
result  in  a  much  less  pronounced 
concentration  drop-off  to  the  southeast. 
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Figure  3.6.1  :    Source  apportionment  in  the  Windsor  area  -  US  vs.  Canadian  Source  Contributions 


Cadmium 


Benzene 


Canadian  Area 
13% 


Canadian  Point 
29% 


Canadian  Area 
23% 


Canadian  Point 
10% 


Chromium 


Canadian  Point 
26% 


Canadian   .\rea 

9% 


1^-Butadiene 


Canadian  Area 
24% 


Benzo(a)pyrene 


Canadian  Area 
33% 


Formaldehyde 

LRT/Photochem   * 
75% 


US  Area  —  lS   Point 

10%      Canadian  Area     7% 


LRT  -  Lo>g  Range  Thusport  /  Pbotochemistcy 
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Table  3.6. 1:       Summary  of  percentage  contribution  to  ground  level  concentrations  in  Windsor  due  to  Ontario 
sources  from  Windsor  and  vicinity  (refer  also  to  Table  3.6.2) 


PoUuunt 

Motor  Vehicle 
Manufacmring 

Steel  Mills 

Iron 
Foundries 

Mobile 
Sources 

Utilities  and 
Other  Fuel 
Combustion 

Other  Point 
Sources 

Other 

Area 

Sources 

Toul 

% 

Arsenic 

15 

1 

38 

54 

Beryllium 

12 

12 

Cadmium 

27 

2 

13 

42 

Chromium  (total) 

16 

1 

^ 

7 

9 

- 

35  • 

Lead 

11 

1 

33 

5 

2 

52 

Nickel 

19 

1 

6 

21 

5 

52 

M 

- 

- 

3 

1 

4 

UIJ 

Benzene 

g 

17 

3 

2 

3 

33 

1  ^-Butadiene 

- 

- 

16 

8 

24 

Formaldehyde" 

- 

7 

1 

- 

- 

8 

Carbon  tetrachloride* 

- 

0 

- 

- 

-   ■ 

Vinyl  chloride 

- 

- 

- 

- 

1 

1 

Benzo  (a)  pyrene 

- 

12 

21 

33 

Polychlorinated  biphenyls 

- 

0 

Djoxjns 

- 

24 

- 

2 

26 

Furans 

- 

24 

- 

2 

26 

Acrylonitrile 

45 

- 

45 

Perchloroethylene 

1 

17 

38 

56 

Trichloroethylene 

5 

5 

These  compounds  have  a  large  long-range  transport  and/or  photochemical  contribution  to 
the  ambient  air  concentrations  in  Windsor. 
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Table  3.6.2        Summary  of  percentage  contribution  to  ground  level  concentrations  in  Windsor  due  to  Michigan 
sources  from  Detroit  area  (refer  also  to  Table  3.6.1). 


Pollutant 

Motor  Vehicle 

Manufacturing 

Steel  Mills 
Coke  Ovens 

Mobile 
Sources 

Utilities  and  Other 
Fuel  Combustion 

Other  Point 
Sources 

Other 
Area 
Sources 

Total 

% 

Arsenic 

11 

10 

2 

19 

4 

46 

Beryllium 

37 

51 

88 

Cadmium 

3 

13 

6 

36 

58 

Chromium  (total) 

1 

50 

3 

10 

1 

65 

Uad 

3 

11 

- 

1 

31 

48 

Nickel 

11 

11 

11 

15 

48 

Mercury" 

- 

13 

3 

16 

Benzene 

1 

: 

31 

6 

3 

24 

67 

45 

3 

-yn 

76 

Formaldehyde" 

7 

7 

3 

17 

Carbon  tetrachloride* 

- 

0 

Vinyl  chloride 

- 

99 

99 

Beozo  (a)  pyrene 

44 

22 

1 

67 

- 

- 

Polychlorinated  biphenyls 

89 

11 

100 

Dioxins 

- 

- 

- 

- 

74 

74 

Furans 

- 

74 

74 

Acrylonitrile 

45 

- 

10 

55 

Perchloroethylene 

-> 

1 

41 

44 

Trichloroethylene 

27 

4 

U 

53 

95 

These  compounds  have  a  large  long-range  transport  and/or  photochemical  contribution  to 
the  ambient  air  concentrations  in  Windsor. 
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3. 7       Health  Effects  Assessment 

A  risk  analysis  was  conducted  to  evaluate  the 
chronic  health  implications  associated  with  the 
Study's  findings. 

The  objectives  of  this  Study  component  were  to: 


The  approach  used  overcomes  some  limitations, 
such  as  not  having  Ontario  standards  for  all 
compounds.  It  also  provides  an  evaluation  of 
the  risks  associated  with  different  exposure 
scenarios  and  provides  a  range  of  risks  which 
reflect  the  differences  in  cancer  potency  factors 
put  forward  by  key  international  agencies. 


•  describe  the  risks  due  to  air  toxics  in 
Windsor; 

•  to  identify  candidate  substances  for 
exposure  reduction;  and 

•  to  place  the  inhalation  risks  from 
outdoor  air  in  perspective  with  other 
risks. 

The  risk  analysis  for  each  compound  contains 
three  components: 

1)  Identification  of  the  range  of  risks  associated 
with  inhalation  based  on  values  established  by 
key  agencies  such  as  the  U.S.  Environmental 
Protection  Agency,  the  California  Department  of 
Health  Services,  and  the  World  Health 
Organization. 

2)  Determination  of  exposure  scenarios  based  on 
the  mean  and  90th  percentile  concentrations  of 
measured  outdoor  air  pollutants,  reported  in  the 
Windsor  Air  Quality  Study:  Ambient  Air 
Monitoring  Activities;  and  the  measured 
concentrations  of  pollutants  in  various 
microenvironments,  reported  in  the  Windsor 
Air  Quality  Study!  Personal  Exposure  Survey 
Results. 

3)  Comparison  with  guidelines  for  outdoor 
concentration  limits  and  indoor  occupational 
limits  (perspective  purposes  only),  set  by  a 
number  of  regulatory  agencies. 


Three  inhalation  scenarios  were  considered, 
namely,  outdoor  air  quality  (100%  outdoor 
exposure),  typical  outdoor  exposures  (3  hours) 
and  typical  personal  exposures.  Both 
carcinogenic  and  non-carcinogenic  health  risks 
were  addressed  for  these  three  situations. 

To  place  the  inhalation  risks  in  perspective, 
other  exposures  were  also  evaluated.  These 
included  ingestion,  dertnal  exposures,  smoking, 
and  a  comparison  to  outdoor  air  in  other  urban 
centres. 

The  risk  analysis  approach  which  was  used  is 
widely  accepted  in  North  America  and  Europe. 
In  general,  the  approach  is  very  conservative 
and  tends  to  overestimate  risks,  particularly  at 
the  higher  end  of  the  range. 

Direct  health  effects  from  low  level,  long-term 
exposure  to  air  toxics  are  difficult  to  measure 
because  of  the  many  compounding  variables 
such  as  lifestyle,  diet,  etc.  Estimation  of  cancer 
risks  is  the  most  reasonable  scientific  approach 
at  the  present  time  for  bridging  this  knowledge 
gap.  The  estimates  are  very  conservative  and 
probabilistic  in  nature.  Therefore  while  these 
estimates  are  not  absolute,  ±ey  do  provide  a 
basis  for  prudent  decision  making  and  for 
comparison  of  risks. 

Generally,  risks  below  the  1  x  10"'  level  (i.e.,  an 
incremental  cancer  case  of  one  out  of  100,(K)0 
people)  are  deemed  to  be  negligible  by  most 
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regulatory  agencies.  However,  the  acceptability 
of  risk  is  always  considered  to  be  a  decision  that 
the  affected  population  needs  to  make. 


conservative  potency  factor.  The  high  end  of 
the  range  of  risks  thus  represents  the  most 
conservative  estimate. 


The  1  X  lO"*  level  of  risk  has  been  used  as  a 
potential  guide  for  identifying  substances  of 
potential  concern  in  the  Windsor  area. 

The  results  of  the  risk  analysis  are  summarized 
in  the  report  Windsor  Air  Quality  Study: 
Health  Effects  Assessment. 

Comparison  to  Ambient  Air  Quality  Criteria 

Ontario's  existing  ambient  air  quality  criteria 
and  standards  were  used  for  a  first-cut 
assessment  of  whether  exposures  of  residents 
living  in  a  specific  airshed,  such  as  Windsor,  are 
unacceptable. 

In  Table  3.2.1  of  Section  3.2,  ambient 
concentrations  of  the  target  compounds  in  the 
Windsor  Air  Quality  Study  were  compared  with 
Ministry  air  quality  criteria.  The  comparison 
showed  that,  both  mean  and  maximum  measured 
airshed  concentrations  were  usually  considerably 
lower  than  the  Ministry  criteria.  The  one 
exception  was  B(a)P. 

Inhalation  Cancer  Risks 

Risk  estimates  shown  in  Figure  3.7.1  and  3.7.2, 
were  developed  from  exposures  based  on 
concentrations  of  pollutants  measured  in  the 
Windsor  area  and  the  range  of  potency  factors 
proposed  by  leading  agencies.  The  low  end  of 
the  range  of  risks  corresponds  to  the  mean 
measured  concentration  and  the  least 
conservative  potency  factor;  the  high  end  of  the 
range  corresponds  to  the  90th  percentile  of  the 
measured      concentrations      and      the      most 


Chemicals  of  Concern 

To  identify  the  chemicals  of  concern,  the 
inhalation  cancer  risks  can  be  interpreted  in  two 
ways. 

In  the  most  conservative  approach,  all  substances 
for  which  the  high  end  of  the  range  of  risks  is 
elevated  above  1x10"'  risk  level  are  identified. 
These  substances  in  approximately  decreasing 
order  of  risk  are: 

•  Outdoor  air  quality:  chromium(VI), 
benzene,  1,3-butadiene,  polynuclear 
aromatic  hydrocarbons  (PAHs  which 
include  B(a)P),  carbon  tetrachloride, 
cadmium,  ac  e  t  a  1  d  eh  y  d  e  , 
perchloroethylene,  and  1,4- 
dichlorobenzene*,  (see  Figure  3.7.1). 

•  Typical  outdoor  exposure: 
chromium(VI),  benzene,  and  1,3- 
butadiene. 

•  Typical  personal  exposures  for  non- 
smokers:  1,3-butadiene,  benzene, 
chroniium(VI),  chloroform,  carbon 
tetrachloride,  PAHs,  acetaldehyde, 
perchloroethylene,  ethylene  dichloride, 
formaldehyde,  methylene  chloride, 
cadmium,  and  1 ,4-dichlorobenzene'  (see 
Figure  3.7.2). 

Listed  last  because  of  the  provisional  nature  of  the  risk 
estimates  for  this  substance.  Classification  of  1 .4- 
dichlorobenzene  as  a  carcinogen  has  recently  been  removed 
from  the  Integrated  Risk  Information  System  (IRIS)  database 
by  the  US  EPA,  hence  the  calculated  cancer  risks  may  bear 
no  significance. 
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The  second  approach,  for  identifying  substances 
of  greatest  risk,  targets  only  those  substances, 
where  a  major  portion  of  the  range  is  elevated 
above  the  1  x  10"'  risk  level.  This  approach  is 
probably  more  reasonable  since  conservative 
assumptions  are  already  built  into  both  the 
exposure  measurements  and  the  potency  factors 
proposed  by  regulatory  agencies.  Based  on  this 
interpretation,  the  substances  of  concern  include: 

•  Outdoor    air    quality:    chromium(VI), 

benzene,     1,3-butadiene    (see    Figure 
3.7.1). 


Typical  outdoor  exposure:  No  substance 
identified. 

Typical  personal  exposures  for  non- 
smokers:  1,3-butadiene,  benzene, 
chromium(VI),  chloroform,  carbon 
tetrachloride,  PAHs,  acetaldehyde, 
perchloroethylene,  ethylene  dichloride, 
formaldehyde,  methylene  chloride, 
cadmium,  and  1 ,4-dichlorobenzene  (see 
Figure  3.7.2). 


Figvire  3.7. 1  :  RANGE  of  risks  for  individual  pollutants 
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Figure  3.7.2  :  RANGE  of  RISKS  for  INDIVIDUAL  POLLUTANTS 
TYPICAL  PERSONAL  EXPOSURES  or  INDOOR  ENVIRONMENTS 
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Inhalation  Non-Cancer  Risks 

Most  chronic  health  effects  (e.g.,  effects  on  the 
liver,  kidney)  are  generally  associated  with 
higher  pollutant  concentrations  than  cancer 
effects.  To  protect  against  such  health  effects, 
regulatory  agencies  have  established  acceptable 
exposure  levels. 

These  risks  were  evaluated  quantitatively  using 
a  hazard  index,  which  is  the  ratio  of  the 
exposure  concentration  of  a  certain  pollutant  in 
the  air  to  the  acceptable  exposure  level.  Hazard 
index    levels    greater    than    one    indicate    a 


possibility  of  long-term  non-cancer  effects. 
Based  on  the  hazard  index  the  following 
substances  are  of  potential  concern: 

•  Outdoor  air  quality:  formaldehyde, 
chromium(Vl),  manganese,  and 
cadmium,  (see  Figure  3.7.3). 

•  Typical  outdoor  exposure: 
formaldehyde. 

•  Typical  personal  exposures  for  non- 
smokers:  formaldehyde,  acetaldehyde, 
carbon  tetrachloride,  1,3-butadiené,  and 
chromium(VI). 
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Figure  3.7.3  :  RANGE  of  CHRONIC  HAZARD  INDICES  for  INDIVIDUAL  POLLUTANTS 
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Health  Risks  from  other  Routes 

Humans  are  also  exposed  to  chemicals  through 
ingestion  of  water  and  food  and  dermal 
absorption  through  the  skin. 


dominant  for  1,3-butadiene,  carbon  tetrachloride 
and  1,4-dichlorobenzene,  ingestion  and/or  skin 
absorption  also  contribute  to  exposure.  Limited 
analysis  indicated  that  the  ingestion  and  dermal 
absorption  pathways  for  benzene,  cadmium, 
chromium,  and  formaldehyde  are  insignificant 
for  one  or  all  of  the  following  reasons: 


Ingestion  was  identified  as  a  major  route  of 
exposure  (in  terms  of  magnitude  of  intake  but 
not  contribution  to  health  risks)  for 
formaldehyde,  cadmium,  chromium(VI),  dioxins 
and  furans,  and  mercury.  Marginally,  PAHs 
may  contribute  to  health  risks  via  the  ingestion 
route.       Although   the   inhalation   route   was 


-Substance  is  not  carcinogenic  by  these 

routes  of  exposure. 

-Exposures  by  these  routes  is  much 

lower  than  by  inhalation  and  therefore 

contribution    to    carcinogenic    risk    is 

negligible. 
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-Exposures  by  these  routes  is  less  than 
the  oral  reference  dose  (RfD),  which  is 
a  "guideline"  set  to  prevent  systemic 
non-carcinogenic  effects. 

Based  on  existing  monitoring  information  for 
dioxins  and  furans,  the  sum  of  exposures  from 
all  routes  was  found  to  be  less  than  25%  of  the 
tolerable  daily  intake,  suggesting  that  the 
possibility  of  long-term  health  effects  in  Windsor 
due  to  these  compounds  is  unlikely.  In  the  case 
of  mercury,  inhalation  and  ingestion  exposures 
amount  to,  respectively,  less  than  10%  and 
about  50%,  of  the  a^^licable  chronic  accepuble 
exposure  guidelines,  suggesting  that  the 
possibility  of  long-term  health  risks  in  Windsor 
due  to  mercury  is  unlikely. 

It  should  be  noted,  however,  that  in  addition  to 
the  cancer  and  other  health  risks  associated  with 
pollutants,  some  pollutants  have  either  or  both 
persistent  and  bioaccumulation  properties,  which 
could  lead  to  long-term  contamination  of  the 
environment  resulting  in  risks  to  humans  and 
various  parts  of  the  ecosystem.  Chromium  (VI), 
PAHs,  1,4-dichlorobenzene,  carbon 
tetrachloride,  cadmium,  dioxins  and  furans,  and 
mercury  are  such  substances.  Because  of  their 
persistence  in  the  atmosphere  or  other  media  of 
the  environment  and  bioaccumulation  in  the  food 
chain,  efforts  should  continue  to  reduce  the 
emissions  of  and  human  exposure  to  all  of  these 
substances  to  prevent  possible  higher  exposures 
in  the  future. 


Indoor.  Outdoor  and  Tvpical  Exposures 

"Tj'pical  personal  exposures",  which  are 
dominated  by  indoor  enviromnents  (i.e.,  home 
and  office),  exceed  exposures  associated  with 
"outdoor  air  quality".  Commuting  and  tobacco 
smoke-affected  environments  result  in  the 
highest  exposure  levels  in  the  "typical  personal 
exposure"  scenarios  which  were  evaluated.  The 
range  of  additive  risks  associated  with  typical 
personal  exposures  (calculated  by  adding  the 
risks  for  each  compound)  is  higher  than  the 
range  of  additive  risks  associated  with  outdoor 
air  quality;  i.e.,  1.3  x  ICT*  -  2.2  x  la'  vs.  5.0  x 
10-'  -  9.4  X  10-*. 


Smoking  Activity 

Direct  intake  from  smoking  greatly  increases 
exposure  for  several  substances  which  were 
targeted  as  toxic  air  pollutants  in  this  Study.  In 
several  cases,  a  smoker's  daily  intake  of 
benzene,  1,3-butadiene,  formaldehyde, 
cadmium,  chromium,  PAHs.  and  dioxins  and 
furans,  greatly  exceeded  the  intake  from  all 
other  inhalation  exposure  scenarios. 
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,  Putting  Risks  in  Perspective 

Risks  associated  with  typical  personal  exposures 
are  generally  higher  than  those  associated  with 
outdoor  air. 

To  put  the  risk  assessments  in  perspective,  risks 
associated  with  some  familiar  activities  are  listed 
below: 

•  Breathing    outdoor     air    in    Windsor 
(combined  impacts  of  air  toxics) 

5  X  10-'  -  9.4  X  l(r 

•  Smoker  cancer  risk  (1  pack  per  day) 

1  X  10-' 


In  addition,  the  carcinogenic  risks  associated 
with  the  combined  impact  of  air  toxics  were 
estimated  and  compared  to  results  from  other 
urban  airshed  studies,  e.g..  South-east  Chicago 
study  (1989),  the  US  EPA's  Transboundary 
Smdy  in  the  Detroit/Windsor  Area  (1990),  and 
other  US  Urban  Air  Toxics  Study  (1984). 

The  range  of  additive  risks  from  all  pollutants 
associated  with  outdoor  air  quality  in  Windsor  is 
between  5  x  10"'  and  9.4  x  IQ-^.  The  overall 
range  of  risks  from  the  other  urban  areas  are 
between  9  x  10-'  and  5  x  10"',  essentially 
overlapping  with  and  exceeding  the  range  of 
risks  in  Windsor  (see  Figure  3.7.4).  No 
Canadian  data  were  available  for  this 
comparison. 


Prevailing  cancer  rate 


3.3  X  10-' 


Rgnre  3.7.4  :  TOTAL  RISK  ASSOCIATED  WITH  OUTDOOR  AIR  QUALITY  in  WINDSOR 
A  Comparison  with  Other  Urban  Areas 
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